During the 2014 survey of the mushroom flora of Gwangneung forest in South Korea, we collected two specimens of boletoid mushroom growing on a felled tree of Pinus koraiensis. These specimens were characterized by a light brown to reddish-brown pileus with appressed tomentum, pore surface bluing instantly when bruised, golden-yellow mycelium at the base of stipe, and lignicolous habitat. Both specimens were identified as Buchwaldoboletus lignicola, a rare basidiomycete, based on morphological characteristics and sequences of internal transcribed spacer (ITS; fungal barcode). Here, we describe these specimens and provide the first report of this genus in South Korea. Boletaceae Chevall. is a family from the order Boletales in Basidiomycota and is comprised of boletoid fruitbodies with pores. There are about 50 recognized genera and 800 species globally [1] . Most species in this family are known to form ectomycorrhizal associations with various trees. However, some of the basal genera of Boletaceae, such as Buchwaldoboletus Pil at, are saprophytic and lignicolous. Currently, the genus Buchwaldoboletus consists of 13 species and is divided into three groups, namely Lignicola, Sphaerocephalus, and Hemichrysus [2-5]. Buchwaldoboletus lignicola is the type species of Buchwaldoboletus and was first described by Kallenbach in 1929, as Boletus lignicola. Later, Pil at (1969) separated this species from Boletus and described a new genus Buchwaldoboletus, based on its decurrent and arcuate hymenophore, lack of veil, stipe with yellow mycelium, and saprophytic habit. This species is known to be distributed in South and East Asia, North America, Europe, and North Africa [3, [6] [7] [8] [9] [10] .
Boletaceae Chevall. is a family from the order Boletales in Basidiomycota and is comprised of boletoid fruitbodies with pores. There are about 50 recognized genera and 800 species globally [1] . Most species in this family are known to form ectomycorrhizal associations with various trees. However, some of the basal genera of Boletaceae, such as Buchwaldoboletus Pil at, are saprophytic and lignicolous. Currently, the genus Buchwaldoboletus consists of 13 species and is divided into three groups, namely Lignicola, Sphaerocephalus, and Hemichrysus [2] [3] [4] [5] . Buchwaldoboletus lignicola is the type species of Buchwaldoboletus and was first described by Kallenbach in 1929, as Boletus lignicola. Later, Pil at (1969) separated this species from Boletus and described a new genus Buchwaldoboletus, based on its decurrent and arcuate hymenophore, lack of veil, stipe with yellow mycelium, and saprophytic habit. This species is known to be distributed in South and East Asia, North America, Europe, and North Africa [3, [6] [7] [8] [9] [10] .
As part of the surveys of macrofungi in the unexploited areas of Korea, the project funded by the Korea National Arboretum, we encountered two rare boletoid mushrooms in Gwangneung Forest. They were identified as B. lignicola based on their morphological features and phylogenetic analysis of the internal transcribed spacer (ITS) region. It is the first report of this species in Korea. Here, we provide detailed morphological characteristics of B. lignicola and present new locality (South Korea) and a host plant (Pinus koraiensis Siebold & Zucc.) of the species.
Two Buchwaldoboletus fruiting bodies were collected at Gwangneung forest, Pocheon-si, Gyeonggi Province, South Korea in 2014. They were dried and deposited at the herbarium of the Korea National Arboretum. Macro-morphological features were determined based on field notes and color photos of fresh specimens. Micro-morphological features were observed from dried specimens after sectioning and mounting in 3% KOH solution. Basidia and cystidia were stained with a solution of 1% Congo Red under a light microscope (Olympus BX53, Tokyo, Japan). Measurements of microscopic characters were obtained using ProgRes Capture Pro v.2.8.8 (Jenoptik Co., Jena, Germany). For basidiospore descriptions, the measured numbers of basidiospore, the number of basidiomata, and the number of collection sites were respectively denoted with the abbreviation [n/m/p]. In describing basidiospore dimensions, we used the notation (a-) b-c (-d). The range b-c represents 95% of the measured values and "a" and "d" are lowest and highest measured values, followed by the mean spore length and width; Q is the range of the length/width ratio for all measured basidiospores; Qm is the average Q value ± sample standard deviation.
DNA was extracted from fruiting bodies using a modified CTAB procedure [11] . For the amplification of the ITS region, primer sets ITS5 and ITS4 were used in PCR mixture of 0.5 pM of each primer, 0.25 mM dNTPs, 1.5 mM MgCl 2 , 10 mM Tris-HCl, 50 mM KCl, 2.5 U of Taq DNA polymerase, and 15 ng of template DNA [12] . PCR conditions for ITS were as follows: an initial denaturation step at 94 C for 4 min, followed by 34 cycles of 94 C for 40 s, 52 C for 40 s, and 72 C for 60 s; and a final elongation step at 72 C for 8 min. PCR products were purified using an ExoSAP-IT PCR Product Cleanup Reagent (USB, Cleveland, OH). The PCR products were directly sequenced using a BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) with the manufacturer's instructions. The same primers used for PCR were employed for sequencing. Capillary electrophoresis and data collection were performed on an ABI Prism 310 Genetic Analyzer (Applied Biosystems). We edited the sequences using PHYDIT v. 3.2 [13] and deposited them to GenBank.
DNA sequences of other reported Boletaceae species were obtained from GenBank for phylogenetic analyses (Table 1) . They were aligned with DNA sequences generated for this study using ClustalX v. 1.81 [14] . Ambiguously aligned positions were adjusted manually using PHYDIT. The constructed datasets were analyzed with the algorithms of maximum parsimony (MP) using PAUP Ã v. 4.0 b10 and Bayesian inference using MrBayes v. 3.1.2 [15, 16] . Parsimony analysis was performed with a heuristic search of 1000 random addition replicates and tree bisection-reconnection branch-swapping. MP bootstrap support values (MPBS) were assessed to evaluate the supports for internal nodes from 1000 replicates of the MP analysis. Posterior probabilities (PPs) were calculated using the Metropolis-coupled Markov Chain Monte Carlo method. Two parallel runs were performed with one cold and three heated chains for 3 million generations, starting with a random tree with sampling every 100th generation. We assessed the convergence of two independent runs to remove the trees which were not in convergence with a criteria of the average standard deviation of the split frequencies being below 0.01 using the burn-in command. The remaining trees which were converged used in calculating a 50% majority consensus tree and estimating PP. The distance matrix was calculated using PHYDIT with Kimura-2-Parameter distance method.
Taxonomic description
Buchwaldoboletus lignicola (Kallenb.) Pil at, Friesia 9(1-2): 217 (1969) (Figure 1 ). Pileus 4-10 cm in diameter, convex with in rolled margin and covered with soft appressed tomentum, light brown to reddish-brown. Hymenophore tubulose, tubes detersible, decurrent, yellow to golden at first, then olivaceous yelllow, turning greenish-blue above tubes when cut or bruised; pores circular to angular or irregular, 1-3 per mm. Stipe 3-7 cm long, 0.6-1.7 cm thick, central or somewhat eccentric, cylindrical, sometimes base somewhat thickened, rust-yellow to reddish-brown with a goldenyellow mycelia at the base, context yellow. Partial veil absent.
Basidiospores [100/2/2] (7.0-) 7.2-8. Remarks: Morphologically, B. lignicola is similar to B. hemichrysus, B. pseudolignicola, B. pontevedrensis, and B. xylophilus. However, B. hemichrysus has a golden-yellow pileus, red-brown to reddish-brown pore, and a ventricose stipe, and B. lignicola does not share those features [4, 17, 18] . Similarly, B. pseudolignicola, a member of Sphaerocephalus group, has a yellow to cinnamon-brown pileus, unlike B. lignicola, and has a smaller basidiospore than B. lignicola [4] . B. pontevedrensis is a recently described member of a group of Lignicola; it differs from B. lignicola by having a bigger pileus, shorter stipe, and slightly longer basidiospores [3] . Buchwaldoboletus xylophilus differs from B. lignicola by having shorter basidiospores [19] .
The ITS dataset included 45 taxa and 795 characters, of which 364 were parsimony-informative. The MP tree was 1329 steps long with a consistency index of 0.5813, retention index of 0.6765, and homoplasy index of 0.4698. The Bayesian analyses were conducted with a model of GTR þ I þ G and the first 9000 trees were discarded as burn-in (burninfrac ¼ 0.30). The phylogenetic trees of the ITS dataset in this study showed a similar main branch topology as presented in previous studies [20] [21] [22] [23] [24] .
Boletaceae was monophyletic (Figure 2 ). Among the Boletaceae clade, subfamily Chalciporoideae Wu & Yang (including Buchwaldoboletus and Chalciporus) formed a basal group. This group appears to be parasitic or saprophytic. Although Chalciporoideae was only supported by MPBS (87%), the clade grouping Buchwaldoboletus and Chalciporus were strongly supported in both MPBS and PP (Figure 2) . The ITS sequences of our two B. lignicola specimens (KA14-0711 and KA14-0907) formed a group with five previously reported European and Canadian B. lignicola specimens (HM003617, HM003618, HM003619, GQ981493 and KM248950) with strong support values (MPBS ¼ 99%, PP ¼ 0.99) (Figure 2) .
Buchwaldoboletus lignicola is a basidiomycete fungus that is distributed mainly in Europe and North America [4, 25] . However, this species is rarely observed in Asia. For this reason, only a few studies and sequences have been published for B. lignicola. In Japan, three species of Buchwaldoboletus (B. xylophilus, B. pseudolignicola, and B. sphaerocephalus) have been recorded [26] excluding B. lignicola. However, there has not been a report of genus Buchwaldoboletus species in Korea. B. lignicola has been found on conifer stumps, including Larix decidua Mill., Picea abies (L.) H. Karst., Pinus sylvestris L., Pinus strobus L., and rarely on Prunus avium L. [4, 7, 27] . In addition to the report of the species in Korea, this study presents a new host for B. lignicola, Korean pine (Pinus koraiensis).
Some considered B. lignicola to be saprotrophic based on its lignicolous habitat [28] . Other studies, however, present that the species is often found with Phaeolus schweinitzii (Fr.) Pat., a brown-rot tree pathogen [8, 29] . Additionally, Nuhn et al. [21] suggest that B. lignicola has a mycoparasitic nutritional mode, based on the confrontation assay between the hyphae of B. lignicola and P. schweinitzii. Although P. schweinitzii was not observed at the habitat of B. lignicola in this study, previous research has shown that B. lignicola can occur where P. schweinitzii occurs.
Although B. lignicola is not recorded in the IUCN Red List, the species is listed as a critically endangered species in Bulgaria [30] , endangered species in the Czech Republic [31] , and vulnerable in Great Britain [32] . In South Korea, nine species of macrofungi (Albatrellus dispansus, Amanita hemibapha subsp. javanica, Ganoderma neojaponicum, Grifola frondosa, Hericium coralloides, Inonotus obliquus, Lyophyllum fumosum, Oudemansiella brunneomarginata, and Phellinus linteus) are registered as protected forest species by the Korea Forest Service. Considering its rarity, B. lignicola may need to be considered as a protected forest species of South Korea in the future.
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